Abstract: This paper discusses the practical implementation of the precautionary principle in the area of management of industrial chemicals in the European Union. An analysis of a number of recent cases where the precautionary principle was invoked shows that the main reason for doing so were the uncertainties in the risk assessment (or the underlying effects or exposure data), which were, according to the scientific experts, so high that the "normal" level of certainty could not be obtained. The challenge for the future is to try to develop general guidance or rules that will support the policymakers in their decision as to whether this uncertainty is so large that action is warranted or whether it is acceptable to wait until further information has become available.
INTRODUCTION
Taking regulatory action on the basis of the precautionary principle (PP) is often presented as an alternative to taking action based on an assessment of risks. In practice, however, many references in international law to the precautionary principle, such as the 1992 Rio Declaration, refer to the use of this approach when there are threats of serious irreversible damage, but there is lack of full scientific evidence. This implies that some sort of identification of the potential hazards and or risks has to be present in order to allow decision-makers to decide on any action to be taken. In February 2000, the European Commission published a Commission Communication on the precautionary principle providing a general framework for its use in EU policy [1] . This paper addresses specifically the practical implementation of the approach in the area of management of industrial chemicals.
COMMISSION COMMUNICATION ON THE PRECAUTIONARY PRINCIPLE
The aim of the Commission Communication was to outline the Commission's approach to using the precautionary principle, to establish guidelines for it, to build a common understanding of how to assess, manage and communicate risks that science is not yet able to evaluate fully, and to avoid unwarranted recourse to the precautionary principle, as a disguised form of protectionism [1] . According to this communication, the implementation of an approach based on the precautionary principle should start with a scientific evaluation, as complete as possible, and where possible, identifying at each stage the degree of scientific uncertainty. Once the scientific evaluation has been performed as best as possible and the conclusions of this evaluation show that the desired level of protection for the environment or a population group could be jeopardized, this may provide a basis for triggering a decision to invoke the precautionary principle. The conclusions should also include an assessment of the scientific uncertainties and a description of the hypotheses used to compensate for the lack of the scientific or statistical data. An assessment of the potential consequences of inaction should be considered and may be used as a trigger for action by the decision-makers. Clearly, the potential application of the precautionary principle is relevant to the risk management phase.
It is important to recognize that the communication indicates that the application of the precautionary principle should not be confounded with the prudential approach used in the context of assessing the risks. In assessing risks, a wide range of uncertainties have to be dealt with. Examples are the extrapolation of effects seen in laboratory test systems to real world conditions, the extrapolation from single species test results to effects on complex multispecies ecosystems, the extrapolation from effects seen in animal studies to potential effects in humans, and, last but not least, the extrapolation from short or medium-term exposure to lifetime actual exposure conditions. All of these uncertainties are usually taken care of in the risk assessment process, for instance by applying uncertainty or safety factors to the results of single species animal studies. It is the job of the risk assessment experts to provide their ultimate view on the reliability of their assessments, as well as on the remaining uncertainties. The overall level of uncertainty will affect the foundation for protective or preventive action in the risk management phase.
The Commission Communication on the precautionary principle was endorsed both by the European Parliament and the Council of Ministers who in their resolutions on this subject called upon the Commission to actively apply the guidelines and incorporate the principle in drawing up its legislative proposals [2, 3] .
RISK MANAGEMENT OF INDUSTRIAL CHEMICALS IN THE EUROPEAN UNION
In Europe, the potential risks of industrial chemicals with high-production volumes are assessed under Council Regulation (EEC) No. 793/93 [4] . This regulation introduced a comprehensive framework for the evaluation and control of existing chemicals. It foresees that this evaluation and control of the risks should be carried out in four steps: (1) data collection, (2) priority setting, (3) risk assessment, and (4) risk reduction. In short, the process is as follows: draft risk assessment reports are developed by a Member State, mainly on the basis of information provided by the producing companies. These draft reports are discussed in what is called technical meetings (TMs) of experts from Member States, industry, and NGO's. Once agreed by the TM, the risk assessments are sent to the Scientific Committee for Toxicity, Ecotoxicity and the Environment (CSTEE), which is asked whether it can support the conclusions of the assessments. Subsequently, the conclusions are forwarded to the so-called competent authorities (CAs) of the Member States, which is the policy body responsible for agreeing the conclusions and, where relevant, discussing and proposing the necessary risk reduction strategy. In the implementation, a separation of the risk assessment and risk management processes has been carried through as was also recommended by the Council in their resolution on the precautionary principle [3] .
One should realize that this regulation deals with the assessment of the risks of high-production volume chemicals produced in volumes >1000 tonnes per year. The deliberate use of such large volumes implies that human activities almost inevitably lead to pollution.
Risk assessment is then the tool used to evaluate if these inevitable emissions lead to "unacceptable risk". Different judgments on the need to take action can be made by policy makers compared to scientists when there is not sufficient scientific evidence to demonstrate that an "unacceptable risk" exists, though also not enough to demonstrate that the risks are "acceptable". The case studies below will describe some of these situations.
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CASE STUDIES
Since the implementation of Regulation 793/93, risk assessment reports have been prepared and discussed for approximately 113 out of 141 priority substances [5] . For approximately 70 of these, the conclusions have been agreed and sent forward to the risk managers to discuss the necessary development and implementation of risk management activities. The four cases described below provide useful information on how the relationship between the risk management process and the actual implementation of the precautionary principle has worked in practice.
Nonylphenol(ethoxylates)
The risk assessment for nonylphenol and nonylphenol(ethoxylates) was finalized in 1999 [6] . The conclusion on the environmental part of the assessment was that there is concern for the aquatic compartment due to the fact that for a range of uses of the substance it was estimated that the predicted environmental concentrations (PECs) would exceed the predicted no-effect concentration (PNEC). This PNEC was calculated using all the aquatic toxicity data present on nonylphenol, including all available data on estrogenic effects. Since these effects generally occurred at higher concentrations, it was concluded that the calculated PNEC should be protective for estrogenic effects in fish as well. The conclusions of the report were supported by the CSTEE [7] and adopted by the CAs. Based on this risk assessment, the Commission is currently discussing the possible implementation of restrictions for marketing and use of a range of uses of these substances in the context of Directive 76/769 on Restrictions on the marketing and use of certain dangerous substances and preparations.
In conclusion the available information allowed the development of science-based conclusions on the risks of the substance that triggered the necessary risk reduction. In this case, there was no need to instigate the precautionary principle.
Pentabromodiphenylether
The risk assessment for pentabromodiphenylether (pentaBDPE) was also finalized in 1999 [8] . The conclusions of the substance were reached after intensive discussions in the TM. The human health section of the assessment concluded that there is a need for further information to clarify the potential risks to infants that are potentially exposed to breast milk or infant formulae prepared from cow's milk. The experts, however, were particularly concerned by the studies that indicated rapidly increasing concentrations of pentaBDPE in women's breast milk in Sweden. The report was reviewed by the CSTEE who agreed that further information is needed to better identify the potential risks of the substance [9] .
The conclusions of the risk assessment, including a discussion on the uncertainty around them, were presented to the CAs. The CAs decided that in light of the properties of and available information on pentaBDPE, and in the absence of adequate scientific knowledge, the time it would take to gather the information needed to enable an adequate scientific evaluation, was considered to be unacceptable. Therefore, risk reduction measures should be taken immediately. This conclusion was subsequently forwarded to the relevant bodies within the Commission who developed a ban on the marketing and use of the substance, which has recently been implemented through Directive 2003/11/EC.
Bisphenol A
Both the sections on environment and human health of the risk assessment of bisphenol A have recently been finalized [8] . Interestingly, the conclusions on both parts are very similar in the sense that the TM was of the opinion that further information on the toxicity and ecotoxicity of this substance is needed. On the environment, the discussion focused on the effects to be taken into account in setting the PNEC for water. A preliminary PNEC was derived using the "traditional" endpoint hatchability, but the ex-perts also recognized the present studies showing potential effects on spermatogenesis in fish and the observations of superfeminization in snails, both occurring at much lower concentrations. However, the TM agreed that regarding these studies there were a number of scientific questions unanswered and that further investigations were needed.
The discussion on the human health aspects of the substance focused on the developmental toxicity. The TM agreed that overall, in standard developmental studies in rodents, there is no convincing evidence that bisphenol A is a developmental toxicant. However, the available and apparently conflicting data from studies conducted using low doses (in the µg/kg range) do raise uncertainties and the majority of the experts felt that these studies could not be disregarded. The data though could also not be used to conclude with sufficient certainty that an unacceptable risk exists. It was considered that further testing could reduce the uncertainties. The CSTEE reviewed the report and agreed on the need for more information although they wondered whether in the area of the potential low-dose effects more studies would actually help in resolving the issue since many high-quality studies are already available [10, 11] .
This issue was referred to the CAs who agreed unanimously that further work was required to resolve the uncertainties surrounding the potential for bisphenol A to produce adverse effects on development at low doses. In addition, it was agreed that a provisional NOAEL (no observed adverse effect level) for developmental effects, derived from the rat multigeneration study, should be used in the risk characterization in the interim, while awaiting the outcome of further testing, with the aim of identifying those scenarios which were clearly of concern irrespective of the outcome of the further testing.
In conclusion, on both parts of the risk assessment uncertainties were identified in the data which precluded drawing definitive conclusions regarding the risks of the substance. The experts, however, identified areas for improvement of the database and the risk managers agreed that this route should be followed rather than implementing temporary risk reduction measures. Hence, this is an example where after careful consideration of the results of the risk assessment as well as of the remaining uncertainties, it was decided not to invoke the precautionary principle yet.
Octa-and decabromodiphenylether
The risk assessment reports for these two flame retardants were recently finalized after intensive debate between the risk assessment experts which lasted more than five years and entailed the delivery of substantial information by the producing industry [12, 13] . The TM recognized that there are significant uncertainties surrounding the scientific evidence relating to the evaluation of the environmental risks of these substances. These uncertainties are based on their very high persistence, the possible debromination and the uptake of the substance and its debromination products in biota via the food chains. Especially the fact that recent studies indicate that these substances are taken up through the food chain and may end up in eggs of predatory birds caused the TM experts to express their concern about the potential risks for secondary poisoning. The TM agreed that the uncertainties might be reduced if substantial additional information was collected and/or generated but recognized also that it would take considerable time to collect and/or generate this information and that it might not be sufficiently comprehensive to remove all of the uncertainty. Other experts, however, were of the opinion that the information currently provided in the reports and the above-mentioned uncertainties about the actual or potential risks for secondary poisoning should lead to a conclusion that there is a need for risk reduction measures.
The CSTEE also reviewed the results of the assessments and in the case of octaBDPE concluded by using historical evidence from substances with comparable persistence and bioaccumulating properties that there might be a risk to top-predators, including humans [14] . On decaBDPE their conclusion was that long-term effects of this persistent and, at least in some organisms, bioaccumulating substance cannot be excluded. They concluded that further research is needed but also that the uncertainty warrants risk reduction measures directly [15] .
The conclusions of the RARs were discussed by the CAs who came to a somewhat similar conclusion as with pentaBDPE that in light of the properties of and available information on the two sub-
stances, the time it would take to gather the information needed to enable an adequate scientific evaluation, was considered to be unacceptable. Therefore, immediate risk reduction measures should be developed.
The Commission has recently implemented risk reduction measures for octabromodiphenylether through Directive 2003/11/EC. For decabromodiphenylether, the discussion is still ongoing. This is another example where, due to the high uncertainties in the outcome of the quantitative risk assessment, it was decided to invoke the precautionary principle.
Dealing with uncertainties
If we closely analyze these examples for the reasons why in certain cases the precautionary principle was invoked whereas in others was not, it basically boils down to situations where the uncertainties in the risk assessment (or the underlying effects or exposure data) are so high that the "normal" level of certainty cannot be obtained. As stated in the Commission communication, this judgment is crucial for the risk managers that face the dilemma of having to act or not to act. Since general rules have until now not been developed the next question is whether we can identify substances or groups of substances for which due to their inherent properties the acceptable risk concept fails due to the high uncertainties is estimating these risks.
The first example of a group of substances for which science cannot provide acceptable risk levels are nonthreshold carcinogenic substances. Since for these substances no safe level can be established the policy reaction is one of risk avoidance by exposure minimization. As a result of that, it is in the EU forbidden to use these substances in consumer products.
A second category for which there can be very high uncertainty in predicting the no-effects level and/or the long-term exposure concentration in the environment and in biota are persistent, bioacummulating and toxic (PBT) substances. For such substances, EU experts have recently concluded that the risks cannot be quantified with the appropriate level of certainty [16] . However, as a result of a benchmarking process using historical evidence from known dangerous substances that have caused longterm effects in the environment, it has been possible to develop criteria for the identification of PBTs and vPvBs.
The question whether endocrine active substances should be treated similarly is less easy to answer. EU experts on reproductive toxicity decided recently that in the context of the risk assessment of chemicals they recognize endocrine disruption more as a mechanism than as an adverse health effect [17] . The Commission in its Community strategy for endocrine disruptors also indicated that the scientific knowledge in this area is limited, with regard to test methods for identification and regarding the actual magnitude of effects that such substances may cause [18] . These substances need not be treated differently from other chemicals, as they will eventually be addressed in the normal assessment, in particular under the reproductive toxicity evaluation, but the Commission urged Member States to give priority to testing, classification and risk assessment of known or suspected endocrine active substances.
CONCLUSION
The Commission in its Communication on the precautionary principle clearly argues for a separation between the scientific assessment of risks and the subsequent application, if necessary, of the precautionary principle based, among others, on the results of this assessment. This separation has worked well in the context of the implementation of the existing substances regulation. The key question to be answered is when and under what conditions the uncertainties in the risk assessment are so high that the "normal" level of certainty is not obtained. The challenge for the future is to try to develop general guidance or rules that will support the policymakers in their decision whether this uncertainty is so large that action is warranted or whether it is acceptable to wait until further information has become available.
